Summary: P-cats is a web server that predicts the catalytic residues in proteins from the atomic coordinates. P-cats receives a coordinate file of the tertiary structure and sends
Progress in several genome projects has yielded the genomic sequences of more than 200 prokaryotes and 20 eukaryotes. However, a significant number of proteins encoded by the genomes lack annotations for their functions. To get some clues for their functions, several structural genomics projects are currently trying to determine their structures. Based on structural information, similarity searches to the structures in the Protein Data Bank (PDB) (Berman, et al., 2000) are carried out in terms of protein folds, spatial configuration of atoms, and the molecular surface of proteins (Handa et al., 2003; Hwang et al., 1999; Kinoshita and Nakamura, 2003) . These methods, however, do not always produce successful results, because the relationship between protein structure and function is insufficiently known. Proteins of novel folds tend to be especially hypothetical, making further analyses extremely hard.
Even in these cases, prediction of functionally important residues may offer useful suggestions for the functions that lead to experimental elucidation. Catalytic residues are often situated at conserved positions that are unfavorable for structural stability (Elcock, 2001; Ota et al., 1997; Shoichet et al., 1995) and are also likely to be found within holes, cavities and clefts on the protein surface (Laskowski et al., 1996) . Making use of these preferences along with the sequence conservation (Casari et al., 1995; Zvelebil and Sternberg, 1988) , we have developed a method to locate catalytic residues within proteins . Conserved residues are selected by conservation numbers and their local and spatial averages (Zvelebil and Sternberg, 1988) with the use of multiple sequence alignments (Higgins et al., 1996) . These residues are classified as either catalytic or non-catalytic based on theoretical stability changes caused by all possible mutations, and the statistical preferences for geometrical features at the molecular surface of proteins, with the final decision being made by a simple k-nearest neighbor method . The stability change was estimated using a knowledge-based potential consisting of three terms, i.e., side-chain packing, hydration and local conformation (Ota et al. 1997) . Using 98 catalytic residues annotated in the SWISS-PROT database (Boeckmann et al, 2003) among 49 proteins, the sensitivity and specificity were determined by maximizing the correlation coefficient between the correct answers and the outputs under the constraint that sensitivity should be greater than 55%. The sensitivity and specificity achieved by our method are 56% and 27%, respectively, and are comparable to those produced by other methods (e.g., 66%
sensitivity and 21% specificity (Aloy et al., 2001) ), but are superior to those attained by conventional methods based only on sequence conservation Zvelebil and Sternberg, 1988) .
Our method has been implemented to the P-cats web server. Since details of the usage are described in the help page (http://p-cats.hgc.jp/p-cats/help.html), we briefly outline the submission process here. In the first step, the server simply asks for a coordinate file of the structure in the PDB format and an e-mail address to which results of the prediction will be sent. To retrieve the homologous sequences using BLAST, the user can select either SWISS-PROT or RefSeq (Pruitt et al., 2005) as the sequence database. We recommend the user to try SWISS-PROT first (default), because RefSeq contains a number of sequences of the "provisional" curation level. The parameters selected in the first step are subsequently shown. In the same screen the user should 5 choose a chain identifier of the query molecule if the PDB file includes several chains.
In the following step, pressing the "Execute BLAST" button initiates BLAST search, and after a short while leads to a display of the results. If only a few homologous proteins are identified in SWISS-PROT, it may be prudent to switch to RefSeq or to relax the e-value threshold of the BLAST search from the default value (10E-10) or both. The user can do so by pressing the "turn back" button of the browser twice.
Finally, when an adequate number of homologs have been retrieved, clicking the "Submit" button feeds the query structure and the homologous sequences into P-cats. It should be noted that in case more than 150 homologs are identified by the BLAST search, P-cats automatically selects representative sequences using the BLASTCLUST program (Altschul et al., 1997) because a large number of sequences cannot be processed by the CLUSTAL-W multiple alignment program (Higgins et al., 1996) and the BOXSHADE alignment viewer (http://bioweb.pasteur.fr/seqanal/interfaces/boxshade.html). The other parameters used in prediction have been optimized, as formerly described .
Upon completion of the calculation, P-cats sends the submitter an email. The duration of the job depends largely on the number of other jobs and the size of the query protein.
Although it takes less than 10 minutes to process a small protein of 200 residues in the absence of other jobs, it may require a few hours if the query protein is larger or when other jobs are running. The user can check the status of the P-cat queue upon submission. The e-mail response provides a summary of the prediction and two URLs that show the multiply aligned homologous sequences and a graphical presentation of 6 the predicted residues in the query structure. The spatial positions of the conserved and predicted residues can be seen at the indicated URL with Internet Explorer for Windows or with Safari for Macintosh OS X. The visual page is implemented with the latest version of the PDBjViewer (Kinoshita and Nakamura, 2004) , which requires a previous installation of Java and JOGL (http://www.pdbj.org/PDBjViewer/). In the PDBjViewer,
we provide a ribbon model of the protein and molecular surface with the electrostatic potential and hydrophobicity mapped onto it.
